Introduction
children with an immune deficiency and that the majority of these children had populations) and how it relates to norovirus evolution has not been accomplished.
98
In this study, we determined site by site variation in the RNA population (a comparison 99 of individual genomes that compose the mutant spectrum of a sample, also referred as (CLCBio, Aarhus, Denmark; http://www.clcbio.com) using default settings. Consensus 161 sequences were determined for each contig using the 50% majority rule and the 162 consensus sequences were used to query the non-redundant nucleotide database using 163 BLAST within the CLC Genomics Workbench interface. This approach was used to 164 determine the nearest sequence neighbor for each consensus sequence, which was 165 subsequently used to conduct a mapping using the closest BLAST match with the 166 reference sequence. Mapping the trimmed sequences to the reference sequence 167 provided a framework for identify putative gaps in the sequencing information for each 168 sequence, and the de novo assembly was used to verify the reference mapping.
169
Phylogenetic Analysis. A total of 10 clones from each specimen for a total of 50 clones 170 were selected and bi-directionally sequenced for phylogenetic analysis. sites with a minimum coverage of 30-fold and minor variants of at least 10% of the total 177 coverage were considered. Using this criterion, the immunocompetent specimen did 178 not have any variable sites indicating no significant polymorphisms were present. After excluding minor or spurious mutations, Shannon entropy scores were generated for 180 each nucleotide position using the Miller-Madow correction with a log base 2 using R
181
[http://www.r-project.org/] with the package entropy. Site by site variation for each 182 specimen was summarized as "bits" with an absolute maximum entropy or variation of 2 183 bits per nucleotide position if all four nucleotides were equally likely at any site.
184
Nucleotide entropy scores were grouped by codon triplets and scores were added 185 together to obtain an entropy score for each codon position with a theoretical maximum DataMonkey MEME analysis were downloaded and each codon position P-value was 199 binned into five groups, depending on the P-value (<0.001, <0.01, <0.05, ≤0.1, or >0.1)
200
and graphed along with the Roche 454 sequencing data in R using the ggplot2 package.
201
All polymorphisms which met the criteria were graphed, as previously discussed. To between all norovirus selective sites (n = 113), and variable sites (n = 321) was 
214
Where m is the number of all possible sites within a bin, n is non-binnable sites, N is the 215 total number of all variable sites, and x is number of counts in the bin.
216
Norovirus Simulation. Three norovirus simulations were run to determine the effect of 217 genome size, random proximity of polymorphisms to selective sites, and the number of by 5%, 10%, and 40% of the norovirus genome using a uniform distribution; all the data 222 was combined to achieve a uniform sample size to obtain the full range of P-scores. To obtain the randomization of polymorphic and selective sites, a uniform distribution was 
Results

234
Norovirus genome counts ranged from 10 6 to 10 9 genomic copies per mL. The specimen 235 from the immunocompetant patient had the highest titer, 2.7 x 10 9 genome copies per 
249
None of the deletions were present in the GII.4 norovirus variants circulating in 2010.
250
The deletion at aa 298 had not been previously identified in any GII.4 variant known to
In the cloning data set, most non-synonymous mutations occurred in the P2 sub- 
Identification of Norovirus Polymorphisms in the Specimen Population and
275
Comparison to Circulating Viruses
276
To further investigate the RNA virus population (quasispecies of each specimen),
277
specimens from patients A, B, C, and IC were analyzed by deep sequencing using Roche (table 2) .
300
Distribution and Magnitude of Mutations by Gene
301
To determine if mutations were randomly distributed across the norovirus genome, we In order to obtain a more accurate estimate of significance a hypergeometric test was We showed that norovirus-infected immunocompromised patients can be potential 
589
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